Background and Purpose-Many patients do not receive prevention consistent with recommendations after stroke, but the relative importance of patient-and physician-related factors is uncertain. Methods-We prospectively assessed factors associated with blood pressure (BP) Ͻ140/90 mm Hg and low-density lipoprotein (LDL) cholesterol Ͻ1 g/L in a collaborative cohort of 240 consecutive patients experiencing stroke/transient ischemic attack (Rankin Ͻ4; Յ80 years; no major comorbidity) from a stroke unit and 3 emergency departments. A standardized assessment of risk factors was performed 6 and 12 months after the initial event by an investigator who was not involved in the usual follow-up of patients. Results-At 6 months, 41% of patients with diagnosed hypertension at inclusion had their BP Ͻ140/90 mm Hg and 55% of those with diagnosed hypercholesterolemia had their LDL Ͻ1 g/L. Adherence to treatment was excellent in 81% of patients. In univariate and multivariate analyses, initiation or reinforcement of appropriate treatments during hospitalization were the main factors associated with BP Ͻ140/90 mm Hg (ORϭ2.44; 95% CI: 1.20 to 4.97) and LDL Ͻ1 g/L (ORϭ3.36; 1.27 to 8.89) or with decrease in BP and LDL. Patients' sociodemographic characteristics, education, income, knowledge of disease, and risk factors were not associated with control of BP or LDL. Among patients with BP Ն140/90 mm Hg, approximately 40% received either no treatment or one drug only, and treatment was reinforced in 20% of them only. Results were similar at 12 months with no improvement in the rate of control of risk factors. Conclusion-Therapeutic inertia is an important impediment to achieve BP and LDL control goals after stroke, even in fairly motivated/adherent patients. In-hospital initiation of preventive therapies could improve quality of secondary stroke prevention in the long term. (Stroke. 2008;39:1834-1843.)
P
atients who have had a stroke or a transient ischemic attack (TIA) are at high risk for recurrent cerebrovascular and cardiac events. 1, 2 Both clinical trials and epidemiological studies provide unambiguous evidence supporting the efficacy of a variety of therapies to prevent recurrent events in those patients. 1 Despite this evidence, there is a substantial gap between recommendations in guidelines and actual care of those patients. 3 It has been estimated that up to 50% of patients with hypertension do not receive any treatment and among those who receive treatment, 30% to 60% have their blood pressure (BP) above recommended levels, 4 -7 50% have too high cholesterol levels, 6, 8 15% do not receive antiplatelet agents, 9 -12 and 50% of patients who are eligible for anticoagulation do not receive anticoagulants. 10, 12 Thus, improving adherence to guidelines is potentially a very powerful way to increase efficiency of stroke prevention. However, as shown in randomized clinical trials and meta-analyses, the different approaches developed to improve adherence to guidelines (eg, clinical practice guidelines, formal continuing medical education, and so on) during the last decade result in only modest improvements in care. 13, 14 In fact, most of these approaches are based more on beliefs than on scientific evidence. 15 The identification of factors that influence the implementation of guidelines could allow developing new strategies to improve adherence to those guidelines. However, only a few studies have addressed those reasons and to date, potential determinants of adherence to guidelines have been identified mainly from qualitative research and the role of those determinants has rarely been quantified. 9 -11 We therefore assessed the proportion of patients who had their vascular risk factors controlled 6 and 12 months after stroke/ TIA, the changes in these proportions over time, and addressed several potential determinants for adherence to guidelines for secondary stroke prevention.
Methods Design
IMplementation of Prevention After a Cerebrovascular evenT (IMPACT) was a prospective, observational collaborative cohort study carried out in 4 sites, including a stroke unit and 3 emergency departments, which were all used to collaborating with each other through a hospital network (participants are listed in Appendix 1). The study was approved by our institutional ethics committee and all patients signed an informed consent.
Patients
Eligible patients were consecutively identified from May 1, 2004 , through June 30, 2005 , by means of a prospective registry of all patients admitted for definite or suspected ischemic or hemorrhagic (excluding subarachnoid hemorrhage) stroke or TIA. Such a registry had been taking place in the stroke unit for several years and was set up at the beginning of the study in the other participating departments. Patients were eligible if they (1) were aged between 18 and 80; (2) had had an acute (Ͻ1 month) TIA or a nondisabling stroke (Rankin scale Յ3); (3) did not have major comorbidities (ie, advanced dementia, severe psychiatric disorder, cancer, and any cardiac, respiratory, or renal disorder limiting life expectancy in the short term); (4) could be followed during the study period; and (5) did not have a particular cause of stroke such as arterial dissection, cardiac tumor, or arteriovenous malformation, ie, diseases that do not justify traditional preventive measures. Thus, the population consisted of people for whom secondary stroke prevention was indisputably justified according to guidelines. 1,16 -19 All patients were enrolled in the study by the main investigator (M.V.) as soon as possible after their qualifying event. Physicians working at our stroke unit, general practitioners, and other physicians in charge of the patients were not informed of the patients' participating in the study, but patients were free to inform them. At enrollment, sociodemographic characteristics, medical history, family history, clinical examination data, treatments having undergone before stroke, and treatments prescribed at discharge were collected from the patient and medical reports.
Follow-Up
Follow-up assessments were performed by the main investigator or a trained research assistant 6 and 12 months after the qualifying event. At each follow-up assessment, 3 rest BP measurements were obtained over 5 to 10 minutes with the patient properly prepared and positioned using an automated device for upper arm (Omron M5-1). 20 The mean of the last 2 measurements was used for the analyses. Lipid blood test was required in patients with ischemic event and hemoglobin A 1c in patients with diabetes. Patients were asked about their ongoing treatments, current weight, and alcohol and tobacco consumption. Carbon monoxide was monitored in patients who declared having given up smoking since their stroke/ TIA (Smoke Check Micro Medical). We also assessed the patients' characteristics at each follow-up visit as follows: cognitive status (Mini-Mental Status test), 21 knowledge of vascular risk factors ("Could you cite as many vascular risk factors as you know?"), knowledge that they had had a stroke ("Do you know the name of the disease you were admitted for to hospital?"), 22, 23 current depression and anxiety (MINI-500 instrument), 24 and adherence to treatments (5-point Shea questionnaire, Appendix 2). 25 For the latter, we considered patients who scored Յ1 as compliant.
End Points
We used the recommendations in force at the time. 19,26 -28 Primary outcomes were BP Ͻ140/90 mm Hg, low-density lipoprotein (LDL) cholesterol Ͻ1 g/L, and total cholesterol Ͻ2 g/L. Secondary outcomes included no smoking, alcohol consumption Ͻ40 g/d in men or Ͻ30 g/d in women, body mass index Ͻ25 kg/m 2 , and hemoglobin A 1c Յ7% in patients with diabetes.
Statistical Analyses
We hypothesized that the proportion of patients with uncontrolled BP and that of patients with uncontrolled LDL cholesterol would be 30% or more and that the prevalence of factors that could influence the rate of control of BP and LDL would be 20% or more. Based on these assumptions, we estimated that 400 patients were necessary to have a statistical power of 80% to detect ORs Ն2.0 with a 2-sided significance level of PϽ0.05. Patients with previously known hypertension, those for whom antihypertensive treatment was initiated during their hospitalization because of elevated BP, and those who had BP Ն140/90 mm Hg at inclusion were considered hypertensive and identified as the target population for BP control. Similarly, patients receiving lipid-lowering therapy for any reason and those who had total LDL cholesterol Ն1 g/L or total cholesterol Ն2 g/L during hospitalization were considered as having elevated cholesterol and were identified as the target population for cholesterol control. 20 were entered in a logistic regression model and backwardly selected with PϽ0.10 (0.20 for tobacco and alcohol consumption) used as the cutoff for retention in the model. Finally, to take into account the regression toward the mean phenomenon, we assessed factors that were associated with a decrease in BP and cholesterol between inclusion and follow-up visits through multivariate linear regressions adjusted for baseline BP. We looked for one-to-one interactions. Analyses were performed with data from the 6-month and 12-month follow-up visits.
Results
During the study period, 383 patients were eligible for inclusion (198 identified in one of the participating emergency departments and 185 in the stroke unit). Of these, 143 (37%) declined to participate (Figure 1) . In comparison to patients who enrolled in the study, those who declined to 
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Declined to participate (143) Figure 1 . Flow diagram of patients recruited in the study. Follow-up impossible: patients who lived too far from our hospital and could not return to the clinic. Informed consent impossible to obtain: patients who had moderate to severe cognitive deficit or illiterate people.
participate had been admitted to emergency departments more often (62% versus 45%; Pϭ0.001) were older (63.2Ϯ13.6 years versus 54.4Ϯ13.7; Pϭ0.004), and were less likely to be current/past smokers (46% versus 65%; PϽ0.0001), but did not differ regarding the other main characteristics. Table 1 lists the characteristics of the 240 patients included in the study; 109 patients were initially admitted to one of the participating emergency departments and 131 directly to the stroke unit. Sixty-eight (62%) of the 109 patients initially admitted to the emergency departments were thereafter admitted to the stroke unit and 41 to departments of internal medicine, cardiology, or neurology of various hospitals in our geographic area. The mean duration of hospitalization of patients not admitted to the stroke unit did not differ from that of those admitted to the stroke unit (10.4 versus 9.1 days; Pϭ0.38). Median (interquartile range) time between the qualifying event and inclusion was 6 days (4 to 12).
Among the 240 patients, 18 (8%) did not have any follow-up visit (2 deaths), 17 (7%) had the 6-month follow-up visit only (4 deaths), and 15 (6%) the 12-month follow-up visit only. Therefore, 207 were followed up at 6 months and 205 at 12 months. Patients who were lost to follow-up did not significantly differ from those who had at least one visit, except that they had a lower education level (primary school: 29% versus 10%; Pϭ0.02).
At 6 months, among the 205 patients who had been taking at least one drug, 169 (81%) were adherent to treatments. Among those who were not compliant, only 3 had stopped all treatments or missed tablets very regularly, admitting not to be convinced of the usefulness of their treatment. One hundred ninety-eight of 199 (99%) patients with ischemic stroke/TIA received at least one antithrombotic drug at 6 months and 192 of 200 (96%) at 12 months (one had deliberately stopped all treatments, one had hemorrhagic stroke during follow-up, one had not started his treatment again after tooth extraction, and the reason was unknown for the 5 other patients). Adherence to treatments was similar at 12 months (data not shown).
Blood Pressure
As shown in Table 2 , BP did not change significantly between inclusion and the follow-up visits and between the 6-month and 12-month visits. The proportion of hypertensive patients with BP Ͻ140/90 mm Hg significantly increased between inclusion and the 6-month visit but remained unchanged thereafter. Less than 20% of patients with diabetes had their BP Ͻ130/80 mm Hg at all visits. Table 3 shows univariate analyses. In multivariate logistic regression, age (ORϭ0.64; 95% CI: 0.46 to 0.90 for 10 years of age), diabetes (ORϭ0.63; 0.26 to 1.51), BP Ͻ140/ 90 mm Hg at inclusion (ORϭ2.79; 1.32 to 5.88), intensification of treatment between the cerebrovascular event and inclusion (ORϭ2.44; 1.20 to 4.97; ie, mainly during hospitalization), and visit to a vascular neurologist between inclusion and the 6-month visit (ORϭ2.03; 0.93 to 4.43) were associated with BP control at 6 months. Patients who visited a vascular neurologist between inclusion and the 6-month visit had a nonsignificant greater decrease in systolic BP than those who did not (⌬ϭϪ4.9 versus ϩ0.3; Pϭ0.24). Multivariate linear regression showed that intensification of treatment between cerebrovascular event and inclusion (Pϭ0.001) or between inclusion (Pϭ0.04) and the 6-month visit (Pϭ0.04) was positively associated with a decrease in systolic BP between inclusion and the 6-month visit, whereas there was a negative association with diabetes (Pϭ0.001) and age (Pϭ0.0002). Looking at the 12-month visit, age (ORϭ0.65; 0.46 to 0.93 for 10 years of age) and BP Ͻ140/90 mm Hg at 6 months (ORϭ6.17; 2.44 to 12.95) were associated with BP control. In multivariate linear regression, intensification of treatment be- History of depression 54 (23) tween the 6-and 12-month visits (Pϭ0.02) was positively and age (Pϭ0.05) was negatively associated with a decrease in systolic BP between the 6-and 12-month visits. Among patients with BP Ն140/90 mm Hg, at either visit, approximately 10% did not receive any antihypertensive agent and more than 20% received only one antihypertensive agent. Yet, only a minority (22 at 6 months and 25 at 12 months) of patients had resistant hypertension, ie, BP Ն140/ 90 mm Hg despite receiving Ն3 drugs, including at least one diuretic ( Figure 2 ). 16 At 6 months, only 44 of 96 (46%) of the patients with BP Ն140/90 mm Hg had their treatment reinforced (ie, adjunction of at least one antihypertensive drug) since the inclusion (Figure 3) . Similarly, only 21 of 89 (24%) had their treatment reinforced after this visit. Patients with BP †The patient who had a relative contraindication to BP-lowering is excluded from these analyses. ‡Use of statin before stroke; the P value refers to the comparison between statin use before stroke and at inclusion. §Four or more drinks per day in men and Ն3 in women. readings between 140/90 and 159/99 mm Hg were less likely to have their treatment reinforced at 6 months than those with higher BP (Pϭ0.0002). Finally, the results were similar when patients who had their BP Ն130/85 mm Hg at inclusion were also included or when analyses were restricted to patients with a known history of hypertension at the time of the qualifying event (data not shown).
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Cholesterol
In contrast to BP findings, there was a significant decrease in cholesterol levels between inclusion (ie, blood samples collected during hospitalization) and the 6-month follow-up visit (Table 2) . However, no further decrease was observed thereafter. In patients with hypercholesterolemia, 73% had total cholesterol Ͻ2 g/L and 55% had LDL Ͻ1 g/L at 6 months. Those proportions were similar at 12 months. The use of statins had increased from 22% to 82% from the time of the cerebrovascular event and inclusion (PϽ0.0001), but remained unchanged thereafter. (10) 11 (11) 1.00 0.82
20 (30) 24 (25) 
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(ORϭ0.29; 0.08 to 1.04). Patients with small vessel disease stroke had similar baseline LDL level than patients with other subtypes of stroke (1.41Ϯ0.37 versus 1.33Ϯ0.45; Pϭ0.24), but higher decrease in LDL (⌬ϭϪ0.61 g/L versus ⌬ϭϪ0.27 g/L; Pϭ0.0006). Multivariate linear regression showed that small vessel disease (Pϭ0.004) and addition of a statin agent during hospitalization (Pϭ0.0004) were positively associated with a decrease in LDL between inclusion and the 6-month visit. Persisting smoking was negatively associated with a decrease in LDL (Pϭ0.04). The proportion of patients to whom statin was added during hospitalization differed across the different stroke subtypes: 76% in small vessel disease, 86% in large artery disease, 51% in cardioembolic, and 56% in undetermined (Pϭ0.02). Among the 20 patients with LDL Ն1 g/L at 6 months who were not on statin agents, 4 (20%) were prescribed a statin agent between the 6-and 12-month visits.
Looking at the 12-month visit, addition of a statin agent during hospitalization (ORϭ13.31; 3.37 to 52.34) or between inclusion and the 12-month visit (ORϭ6.89; 1.17 to 40.66), LDL Ͻ1 g/L at inclusion (ORϭ5.98; 1.31 to 2.72), and hypertension (ORϭ2.34; 0.97 to 5.66) were associated with LDL Ͻ1 g/L. Results were similar when total cholesterol was used instead of LDL (data not shown).
Other Risk Factors
There was a decrease in the proportion of smokers and in that of excessive drinkers between the cerebrovascular event and the 6-month visit, but the proportion remained unchanged thereafter. All patients who declared they had given up smoking had low breath carbon monoxide levels. No patient started smoking. In multivariate analyses, factors associated with tobacco withdrawal were Rankin scale Ն1 (ORϭ2.18; 0.68 to 7.20), living with a partner or in a family (ORϭ4.23; 0.98 to 18.23), and hospitalization duration Ն7 days (ORϭ2.16; 0.66 to 7.12). At 6 months, 15 (7%) patients drank excessively (9 of them were already excessive drinkers at the time of their stroke/TIA). In multivariate analyses, 
Discussion
We have shown that, in a population of patients with stroke/TIA willing to take part in an observational study and who were adherent to treatments, more than 50% of patients with hypertension did not reach BP Ͻ140/90 mm Hg and 45% of patients with hypercholesterolemia did not reach LDL Ͻ1g/L at 6 months. Those proportions did not change at 12 months. In-hospital initiation or reinforcement of specific treatments strongly influenced control of and decrease in BP and LDL cholesterol. By contrast, patient-related factors such as sociodemographic characteristics, knowledge of disease or risk factors, psychological status, and associated diseases had little influence. Moreover, approximately 40% of patients with elevated BP during follow-up received either no treatment or a monotherapy. Yet, it is well recognized that most patients need more than one agent to effectively reduce their BP. 16 Only 25% of patients had their treatment reinforced thereafter despite not having achieved BP therapeutic goals. Similarly, 20% of those who had an elevated LDL cholesterol level at 6 months were prescribed statin agents thereafter. This phenomenon is called "clinical" or "therapeutic" inertia. 29, 30 Therapeutic inertia has been identified as one of the strongest determinants for not achieving standard-of-care goals in hypertension, elevated LDL cholesterol levels, and diabetes in other populations. 30 The small proportion of patients for whom treatment was reinforced, despite documented persistently high BP found in our study (40%), was very similar to that found in 2 previous studies conducted in hypertensive patients. 29, 31 In the first study, the most frequently cited reason for no initiation or change in therapy was related to primary care physicians being satisfied with the BP value. 31 Interestingly, in keeping with the results of the second study, 29 we observed that patients with BP readings in the stage 1 (ie, between 140/90 and 159/99 mm Hg) were less likely to have their treatment reinforced as compared with those with higher BP. Like in the latter study, the majority of individuals with uncontrolled hypertension were within 10/ 5 mm Hg of the goal BP. It has been estimated that an absolute improvement of 20% in the percentage of visits accompanied by intensification of therapy could improve control rate from 46% to 66%. 29 Similarly, we found that 45% of patients had their LDL above the recommended level at 6 months and that a minority of those who had an elevated LDL cholesterol level at 6 months were prescribed statin agents thereafter. We found that patients with small vessel disease had a significantly greater subsequent decrease in LDL than those with other stroke subtypes. We may speculate that clinicians were more prone to initiate treatment and/or to use higher doses of statins due to slightly higher, although nonsignificant, baseline cholesterol levels in those patients.
Causes of therapeutic inertia are not well known. It could result from overestimation of care provided, use of "soft" reasons to avoid intensification of therapy (perception that control is improving, potential side effects, concerns about whether results from large trials can legitimately guide individual decisions, and so on), and lack of education, training, and practice organization focused on achieving therapeutic goals. 30 Although physicians have relatively good knowledge of what should be done according to guidelines, they have not necessarily been trained in achieving goals (use of multidrug therapies and high dosages) and often lack of organizational resources. We did not collect detailed data on physicians such as knowledge of therapeutic goals or attitude toward guidelines, which may have influenced therapeutic inertia. However, to date, such factors still remain difficult to assess. 32 As noticed in previous studies conducted in patients with stroke 33 or coronary artery disease, 34 we found that inhospital initiation of preventive therapies was associated with higher treatment rates during follow-up and consequently with better risk factors control. Such a strategy may theoretically help to alleviate patients' concerns regarding side effects, conveys the message that therapies are essential for Between stroke and inclusion Between inclusion and the 6-month visit Between the 6-and 12-month visits > _ Figure 3 . Proportions of patients who had their antihypertensive treatment intensified between stroke/TIA and inclusion (ie, mainly during hospitalization), between inclusion and the 6-month visit, and after the 6-month visit, according to BP level (mm Hg) at 6 months.
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the prevention of recurrent events, and seems to improve long-term patient adherence. 34 Our study has several strengths. First, we selected relatively homogeneous patients for whom secondary prevention was indisputably justified according to guidelines. We did not include elderly people because there is no consensus on the best prevention strategies in those patients, who are rarely enrolled in therapeutic trials and less prepared to take part in observational studies. Second, there was an independent and standardized assessment of the quality of stroke secondary prevention. Third, we recorded many potential determinants for stroke prevention implementation. In particular, we collected therapeutic changes, which, to our knowledge, had not yet been performed to date.
There are also several limitations to our study. First, the high rate of refusal may question the generalizability of our results. However, nonparticipants had fairly similar general characteristics and therapeutic inertia was unlikely to be less frequent in those patients. At most, we may have underestimated some patient-related factors such as adherence to treatments. Because few low-educated patients were enrolled, we may also have underestimated the impact of socioeconomic factors. 35 The low participation also underlines difficulties in carrying out quality of care assessment in large representative populations. Second, because we enrolled fewer patients than expected, our analyses lacked power to detect factors less frequent and/or associated with smaller effect. However, the rates of uncontrolled BP and cholesterol (Ն40%) were higher than expected, which has increased the a posteriori statistical power. Third, although we measured BP as strictly as we could, we may have underestimated BP variability, in particular variability related to the white coat effect. However, except for specific situations, office BP measurement remains the gold standard method to detect hypertension and assess the response to treatment. 16, 36 Moreover, it has been shown that the difference in BP control between clinic and home assessment is small 37 and that high BP values commonly found in treated hypertensive individuals cannot be accounted for by white coat effect. 38 Fourth, because data on adherence to treatments were obtained from patients' declarations, there is a possibility of inaccuracy. However, there is no available objective observance test for all therapies. Moreover, patient nonadherence does not seem to explain therapeutic inertia. 30 Finally, our study design did not allow to assess whether the patient has any role in therapeutic inertia, although this phenomenon is more likely to result from physicians' attitudes than from patients' attitudes.
There are several practical implications to our results. First, our findings show that therapeutic inertia is as prevalent in stroke secondary prevention as in primary prevention and it prompts us to develop specific strategies to reduce this inertia. 31 Second, they show that initiation of preventive therapies before hospital discharge results in a marked increase in BP and cholesterol levels control, prompting us to develop and evaluate widespread specific hospital-based interventions to achieve therapeutic goals shortly after a cerebrovascular event.
